Introduction
The antimalarial agents such as chloroquine (CQ) and hydroxychloroquine (HCQ) are extensively used in the treatment of many rheumatic diseases, such as systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA). [1] [2] [3] Recently, CQ and HCQ were shown to reduce some traditional cardiovascular risk factors, such as hyperglycemia and hyperlipidemia, in both clinical studies and animal experiments. [4] [5] [6] [7] Despite these promising traits, the association between CQ/HCQ and the risk of cardiovascular disease (CVD) is not fully understood. According to the recent systematic review and meta-analysis conducted by Rempenault and colleagues, HCQ has a beneficial effect on metabolic and cardiovascular outcomes in patients with RA, by decreasing modifiable risk factors for CVD, like lipid profile and diabetes incidence. HCQ seemed to decrease the incidence of cardiovascular events, but data were too few for meta-analysis. 8 Besides this, the potential cardiovascular protection by CQ/HCQ was mentioned only in the latest published EULAR recommendations for the management 9 but not other latest guidelines of rheumatic diseases, cardiovascular diseases and diabetes. [10] [11] [12] [13] In the past few decades, several observational studies, either longitudinal or cross-sectional, investigated the association between CQ/HCQ use and cardiovascular outcomes, yielding controversial results. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Some studies showed that the use of CQ/HCQ reduced the risk of CVD, 15, 16, 21, 24, 26, 29, 31 whereas others reported a neutral effect. 14, [17] [18] [19] [20] 22, 23, 25, 27, 28, 30, 32 Given these inconsistencies among trials, we carried out the current study to assess if CQ/HCQ was associated with a reduced risk of CVD.
Materials and methods
The meta-analysis was conducted in accordance with the Meta-Analyses of Observational Studies (MOOSE) 33 and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 34 
literature search
We conducted a systematic literature search through the Cochrane Central Register of Controlled Trials (CENTRAL), PubMed and Embase for articles published up to 20 December 2017 using the terms "antimalarials" or "hydroxychloroquine" or "chloroquine diphosphate" or "chloroquine" in combination with "heart diseases" or "heart failure" or "heart attack" or "sudden cardiac arrest" or "sudden death" or "ischemic heart disease" or "myocardial infarction" or "myocardial ischemia" or "angina pectoris" or "acute coronary syndrome" or "coronary heart disease" or "coronary artery disease" or "coronary revascularization" or "stroke" or "cardiovascular diseases." The search strategy in PubMed can be seen in Table S1 . Results were limited to publications in English. We also searched ClinicalTrials.gov for unpublished data. Reference lists of included articles and relevant systematic reviews were also screened manually to identify potentially eligible publications.
eligible criteria
Studies were included if they met the following criteria: 1) designed as a randomized controlled trial (RCT), a cohort study or a case-control study; 2) comparing the risk of CVD between CQ/HCQ users and non-users in an RCT or a cohort study or comparing CQ/HCQ prescription ratio in patients with and without CVD in a case-control study; 3) relative risk estimates (relative ratio [RR], hazard ratio [HR] or odds ratio [OR] with 95% confidence interval [CI]) were provided or calculable. For studies of duplicate or overlapping patient populations, only data from the most informative publication with the longest follow-up or with the largest sample size were included. Studies with insufficient data and conference abstracts were excluded.
Data extraction and quality assessment
Paired investigators independently assessed the eligibility of the studies and extracted the following data from every study using a predefined form: first author, year of publication, study design, study population, sample size, country, age, gender, follow-up duration, drug type, definitions of the cardiovascular outcomes, number of events which occurred during the follow-up period, and risk estimates of CVD with their adjusted covariates. The Newcastle-Ottawa Quality Assessment Scale (NOS) was used to evaluate the quality of each included observational study. 35 The NOS score ranges from 0 to 9 points, and a higher score indicates higher study quality. Because no RCT investigating the association between CQ/HCQ and CVD was retrieved in our search, no quality assessment tool for RCTs was used in the current study. Discrepancies were resolved by discussion in group conference.
statistical analysis
We pooled the risk estimates of outcomes using adjusted 
where a = number of exposed cases; b = number of exposed non-cases; c = number of unexposed cases; d = number of unexposed non-cases.
To obtain pooled relative risk estimates, we weighted the natural logarithm of the ORs, HRs, and RRs with their 95% CIs for case-control and cohort studies, respectively, Results study selection Figure 1 is a summary of the process of study selection. The characteristics of included studies are shown in Tables 1 and 2 . The NOS score of each study ranged from 5 to 9. The number of subjects in each study ranged from 58 to 6,260. Eleven studies provided mean or median time of follow-up, ranging from 5.39 to 12.3 years. 15, 18, [20] [21] [22] 24, [27] [28] [29] [30] 32 All studies were conducted in patients with rheumatic diseases. Four studies recruited patients with RA, 24, 25, 31, 32 14 studies were conducted in SLE patients, [14] [15] [16] [17] [18] [19] [21] [22] [23] [26] [27] [28] [29] [30] one included patients with lupus nephritis or non-lupus primary glomerulonephritis, 20 and 13 studies excluded patients with a history of CVD. 14, 15, [18] [19] [20] [21] [22] 24, [27] [28] [29] [30] 32 As shown in Table S2 , the CVD investigated was heterogeneous across studies. Variables included for adjustment varied along with the study. Abbreviations: cQ, chloroquine; cVD, cardiovascular disease; hcQ, hydroxychloroquine; ln, lupus nephritis; na, not available; nOs, the newcastle-Ottawa Quality assessment scale; Pgn, primary glomerulonephritis; ra, rheumatoid arthritis; sle, systemic lupus erythematosus. (Figure 4 ). 20 The pooled ORs (95% CI) of CVD in relation to CQ/HCQ were similar between patients with RA and those with SLE (0.27 [0.10-0.74] and 0.44 [0.24-0.80], respectively) ( Figure 5) .
The other subgroup analysis showed that the pooled ORs in studies excluding or not excluding prior CVD history were 0.52 (95% CI, 0.23-1.17) and 0.33 (95% CI, 0.16-0.68), respectively ( Figure 6 ). Since all HR/RR-reporting studies excluded patients with prior CVD at baseline, subgroup analysis for pooled RR was not conducted.
sensitivity analysis
We tested the robustness of our results with sensitivity analyses either by excluding studies without adjusted risk estimates or by using quality-effects model. The pooled risk estimates all remained almost unchanged by these two types of sensitivity analyses (Figures S1-S4 ). 
Publication bias
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Drug Design, Development and 39 Our study provides more favorable evidence of the preventive effect of CQ/HCQ on CVD based on the current meta-analysis. 8 Patients with rheumatic diseases are at higher risk of developing CVD and require primary prevention of CVD. 40, 41 According to our systematic review, the cardiovascular benefit from CQ/HCQ was promising based on the following considerations: 1) pooled analyses of RR/HR and OR were consistent, and in accordance with the results from most of the included studies; 2) the pooled results were almost unchanged in the sensitivity analyses; 3) no publication bias was found; 4) subgroup analyses showed little difference among different subgroups. Also, the one study excluded from the present meta-analysis, due to not reporting the exact drug, showed results consistent with our analysis. 42 Mok et al's study was the only exception with an opposite result, in which not only patients with lupus nephritis (162 cases) but also those with non-lupus primary glomerulonephritis (181 cases) were enrolled in the cohort study. 20 Compared with other studies included in the current meta-analysis, Mok et al's study considered more covariates in the multivariate analysis. Overadjustment could introduce additional bias, which might help explain this inconsistency.
CQ and HCQ are antimalarial drugs and have been widely used for years as antirheumatic drugs due to their safety, efficacy and low cost, indicating their potential in the primary and secondary prevention of CVD in non-rheumatic patients. 43, 44 Adverse events were reported in less than 10% of patients under antimalarials' treatment. 45 Gastrointestinal intolerance and cutaneous manifestations are the commonest adverse effects, but they are usually mild and can be released by dose reduction. 46 CQ/HCQ-associated cardiotoxicity, presenting as hypotension and arrhythmia, could be serious but is very rare with a routine oral dose. 47 It was often associated with high-dose or intravenous CQ/HCQ administration or self-poisoning. 47 Although the mechanism remains unclear, lysosomal disruption and ion channel blockage could be the cause. 48 High dose and long duration of use of CQ is a confirmed but rare cause of toxic retinopathy, with an incremental risk of less than 1% in the first 10 years of therapy under a dose of 5.0 mg/kg. 49 Considering the rarity of cardiotoxicity and retinopathy, and the significantly reduced risk of CVD exhibited in the current study, CQ/HCQ provided more cardiac benefits than potential risks. 50 But, careful monitoring is still needed during treatment. Recently, the American Academy of Ophthalmology recommended an annual screening of retinopathy after 5-year usage of CQ/HCQ in low-risk patients. 49 Previous studies suggested that CQ/HCQ could reduce some cardiovascular risk factors, such as hyperlipidemia, diabetes mellitus, and thrombosis. [4] [5] [6] 51, 52 Early observations also indicated that HCQ could improve insulin sensitivity, glucose profiles, and glycated hemoglobin (HbA1c) levels in patients with RA and SLE. [53] [54] [55] A randomized trial showed that CQ/HCQ could decrease HbA1c level in non-insulindependent diabetic patients without rheumatic diseases as well. 56 The underlying mechanism for improving metabolic profiles by CQ/HCQ treatment remains unclear. Possible explanations could be increased affinity of insulin receptors, inhibition of insulin degradation, and increased insulin secretion. 57, 58 CQ/HCQ is also associated with beneficial changes of lipid profiles, including decreased levels of total cholesterol, triglycerides, and low-density lipoprotein-cholesterol (LDL-c), irrespective of concomitant steroid use in RA and SLE patients. 6, [59] [60] [61] Possible mechanisms behind the lipidlowering effects of CQ/HCQ include increased lipid clearance rate and expression of LDL receptors. 62 The use of CQ/HCQ has been shown to be thromboprotective. Recently, the risk of thrombosis was observed to be significantly reduced in patients with lupus and antiphospholipid syndrome under CQ/HCQ treatment when compared with that in patients not receiving CQ/HCQ. 51, 63, 64 Several plausible mechanisms have been proposed to help explain the antithrombotic effect of CQ/HCQ, including inhibition of platelet aggregation and reduction of red blood cell aggregation. 43, 65 Ataxia telangiectasia mutated (ATM) protein is a nuclear protein involved in DNA repairing and could be activated by CQ/HCQ. In animal experiments, CQ reduced atherosclerotic lesions in apoE -/-mice in an ATM-dependent manner. 7 Our previous study also suggested that polymorphismenhancing gene expression in the promoter region of ATM (rs189037) was associated with less coronary stenosis. 66 ATM activation is thus a potential molecular mechanism of the anti-atherosclerotic effects of CQ/HCQ, which still requires further clinical and experimental studies to confirm, and additional mechanisms need exploration in future investigations.
Our meta-analysis had several limitations. Firstly, no RCT reporting the risk estimates of CVD under CQ/HCQ treatment was found. Biases and confounders might be introduced by pooling only observational studies. Hence, we combined the adjusted effect sizes when available to minimize Drug Design, Development and Therapy 2018:12 submit your manuscript | www.dovepress.com
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cQ/hcQ and reduced cVD risk these potential biases and confounders. Secondly, since all included studies were carried out in patients with rheumatic diseases, whether CQ/HCQ could reduce the risk of CVD in the non-rheumatic population remains unknown. Regarding the common mechanisms of cardiovascular prevention, randomized cardiovascular outcome trials in non-rheumatic patients are warranted to further illustrate the CQ/HCQ potentials of primary and secondary CVD prevention. 67 Thirdly, since the metabolic indexes data, such as lipid profiles and blood glucose, are not provided in the included studies, investigating the effect of CQ/HCQ on metabolic outcomes is beyond the scope of our current study.
In conclusion, the present meta-analysis based on observational studies showed that the use of CQ/HCQ was associated with a significantly decreased risk of CVD in patients with rheumatic diseases. Given the widespread clinical use of CQ/HCQ, the potential preventive effect of CQ/HCQ on CVD is worth further exploring through RCTs in patients with and without rheumatic diseases, as the reference of future guidelines. Meanwhile, the safety profiles of CQ/HCQ require further investigations.
